efforts to social reform and the 'public health movement', first as Assistant Commissioner on Lord Grey's Poor Law Commission in 1832 and then as an ardent supporter of the Duke of Buccleuch's Commission to enquire into the sanitary conditions of Great Britain which reported in 1844 (Collins, 1924; Marston, 1925) .
According to Richardson (1887) , his friend and biographer, the essence of Chadwick's 'sanitary idea' was that 'man could, by getting at first principles and by aiming at causes which affect health, mould life together in its natural cast and beat what had hitherto been accepted as fate by getting behind fate itself and suppressing the forces which led up to it at their prime source'. In an essay in the Westminster Review (1828), Chadwick pointed out that it was the duty of the government to collect accurate statistics.
We must see this forward thinking by a young advocate and journalist against the background of an England practically devoid of any sort of health legislation. It was nine years -just before Queen Victoria came to the throne in 1837 -before a Bill was placed before Parliament for the re-establishment of the civil registration of births and deaths. This had been instituted during the Commonwealth but lapsed during the Restoration period. Chadwick approached Lord John Russell for a clause to be inserted to ensure that when a death was registered the cause of death should be certified. Lord John 'could not be got to take hold of the idea', so he appealed to Lord Lyndhurst, Leader of the Opposition in the House of Lords, who made certain that certification of the cause of death was incorporated in the Bill which passed into law in 1838.
As far as I can ascertain, Chadwick was not concerned with naval preventive medicine or the formative years of naval medical statistics, although, as a founder member of the Royal Statistical Society, he must have known John Wilson, who wrote the first naval statistical reports and joined the Society about the time they were published. The Navy's pioneer efforts in this field were recognized by others, however, and at the turn of the century, only shortly after Chadwick's death, Simon (1897) , who had put into practice many of the reforms for which Chadwick had agitated, named John Pringle of the Army and James Lind and Gilbert Blane of the Navy among the seven Early Fathers of Preventive Medicine.
The pre-statistical era Before Chadwick began to expound his ideas in the late 1820s, there is little to be found relating to the health of the Navy which is of statistical value. Until the reign of Henry VIII, merchantmen, heavily armed, were chartered by the King to carry his armies across the Channel for the wars with France and there were only a few King's ships. Until 1545 there was no record of exceptional disease afloat but epidemics, in which scurvy, dysentery, and louse-born typhus probably played their parts, were reported in that year from the fleet assembled in the English Channel for war with France (Moore, 1911) . Infectious diseases, and probably the scurvy too, were rife in the English ships which met the Spanish Armada in 1588 (Underwood, 1947) . Under the early Stewarts little was done to improve the lot of seamen. More humane consideration was shown to sailors during the Commonwealth, under the inspired leadership of Blake, and this considerate attitude continued in the Restoration period when Charles II first designated the entire fighting force afloat the 'Royal Navy' (Callender, 1924) . The King even presided personally at the Admiralty Board on occasion. In 1665 the Navy was not seriously affected by the plague, owing to a wise policy of isolating the crews on board, when many were dying on shore.
In his book Sea Diseases, William Cockburn (1736), a Fellow of the Royal Society and of the Royal College of Physicians, provides, in contrast with earlier accounts, clear descriptions of scurvy, the fevers, and the flux (or dysenteries). He identifies the venereal diseases, gonorrhoea, syphilis, and chancroid (spelt by him 'shankers'), with clinical acumen from his own observations in the Navy which he had joined in 1694, less than 40 years after the death of William Harvey.
The way in which fever, scurvy, and sepsis dominated the pattern of the sea diseases was still borne out more than half a century later by the list of cases admitted to the Royal Hospital at Haslar under the supervision of Dr. James Lind in the year 1780. Out of a total of 9,787 cases, 5,539 were listed as continuous fever, 1,457 as scurvy, and 979 as ulcers, wounds, and abscesses (Lloyd, 1965) . Lengthy blockades were to keep the Fleet at sea for many months during the American and Revolutionary wars. Even Lord Nelson, the foremost Admiral afloat, did not set foot on shore from June 16, 1803 to July 19, 1805 when he landed at Gibraltar after chasing Villeneuve to the West Indies and back. But the art of living at sea was by then highly developed and we are told that Nelson remarked after this epic chase 'the companies of "Victory" and "Superb" are in most perfect health and only require some vegetables to remove the scurvy' (Lloyd and Coulter, 1961) .
In the years before Chadwick, Gilbert Blane probably did more to bridge the gap between 'descriptive' and 'quantitative' Naval epidemiology than anyone else. He was born in Ayrshire and trained at the Edinburgh and Glasgow Schools. 1844-1855, 1916-1920, 1938, 1946-1952 (BR 26(I) and N/MDG 213/1/67/R) (1960 and 1968) .
The increases in death-rates during hostilities, which Professor Major Greenwood (1942) termed the 'surcharge of war', frequently cannot be ascertained even for the two major wars of the 20th century. Deaths due to enemy action were not shown in the tables for the later years of the Second World War (as yet unpublished) and there are no statistical tables for the First World War after 1915. In 1914 and 1915 the death-rates were 379 and 22d1 per 1,000 respectively, the former being of a similar order to the mean death-rate for the years 1854 and 1855 in the Black Sea Force during the Crimean War; whilst in 1939 and 1940 the total death rates were 18-9 and 17-5 per 1,000, rather in excess of the mean death-rate for the Baltic Force during the Crimean War. The swollen mortality in each of these years was very largely due to injuries 'in action'. The dramatic way in which the health of the Navy has improved during the last century is brought out by the incidence of deaths due to all causes and deaths due to diseases only. The death-rate is a more reliable guide than the rates for those reporting sick or recommended for discharge on medical grounds which vary with medical standards and the quality of medical care available. The rates shown in the Figure were derived from the tables of the Annual Statistical Reports for the years 1856-1964 inclusive. Total Force figures and rates are not included in the Reports for the early years 18304843 and were calculated from the sums of the numbers of deaths due to all causes and due to diseases only and of the average mean strengths for the different stations. The rates for the years 1939-1945 were calculated from numbers abstracted after the Second World War from the Naval Medical Department's Register of Deaths and the strengths of the Total Force during those years (Ellis and Rowlands, 1966) .
Throughout the period for which the Statistical Reports have been published, the curve for deaths due to diseases only has been more consistent than the curve for all causes of death which includes injuries and drowning and several peaks for years when ships were sunk with a large loss of life. The more notable fluctuations in rates for deaths due to diseases were due to dysentery, malaria or cholera, for example during campaigns such as the Opium Wars in the 1840s and 1850s, or the Boxer Rising in 1900, or to yellow fever elsewhere. These epidemics can be picked out from the Reports, even between 1879 and 1915, as the infectious diseases section was the only section which was not abridged; in fact, it was expanded as the responsible micro-organisms were identified in the early days of the microbial age. Even as late as 1896, venereal disease apart, the only specific infectious diseases identified in the tables were small-pox, enteric, yellow fever, cholera, dysentery, influenza, and malarial fevers. Diphtheria, cerebrospinal fever, and Mediterranean fever were added during the next 10 years. If these infections had not been shown separately in the tables, the late Sir Sheldon Dudley (1931) could not have written his Milroy Lectures on the distribution of infectious diseases in the Navy.
Morbidity and death-rates in the 1860s and 1960s The first half of the 19th century saw what Dr. C. A. Keele (1967) has referred to as the transition from speculative incomprehensible medicine to comprehensive scientific medicine, a trend discernible in the differences between the tables in the Statistical Reports written in the 1830s and those for the 1860s. The tables for the Total Force in the latter bear a close resemblance to the tables which appeared in the Annual Reports until just before the Second World War and permit broad comparisons to be made between the pattern of ill health in the Navy in the early 1860s and the pattern in the early years of this decade ( Table 2) .
The nomenclature used in the tables for the 1960s Table 2 but the annual case rate was usually between 20 and 30 per 1,000 (in 1860 it was 48 per 1,000) excluding the common complications, orchitis and stricture. Notable features in the 1960s were the disappearance of the continued and remittent fevers and also of rheumatism as common complaints and the appearance of the psychoneuroses which were not shown at all in the tables for the 1860s. The combined incidence of uncomplicated gonococcal infection and of urethritis non-venereal (ICD (1955) Detailed List No. 607) would appear at times to have exceeded the reported incidence of uncomplicated gonorrhoea alone in the 1860s when all types of purulent urethritis were probably shown as gonorrhoea. Urethritis non-venereal constituted most of the cases shown under 'genito-urinary diseases other' (A 114) in the 1960s. These infections are nearly always considered to be due to sexual intercourse (Tables 2 and 9 ). Syphilis, with an average rate of less than one per 1,000 annually in the 1960s, also not shown in Table 2 , was, however, becoming a relatively rare disease. Even this undoubted notable improvement must be qualified by the fact that the high average case rate of 78 per 1,000 in the 1860s was inflated by the inclusion of many cases which were mis-diagnosed before dark-background microscopy and reliable serological tests enabled the diagnosis to be made with confidence.
The most common cause of invaliding in the 1860s was 'phthisis (or pulmonary tuberculosis) and haemoptysis' for which the rate was 20 times that for pulmonary tuberculosis in the early 1960s (Table 3 ). In the 1960s the main causes of invaliding were the psychoneuroses and wounds and injuries of various kinds, with diseases of the stomach and duodenum a poor third followed by diseases of the ear and eye. Pulmonary tuberculosis was the seventh, not the first, most common group of the diseases to cause discharge from the Navy on medical grounds. The invaliding rate for wounds and injuries was rather greater in the 1860s, whereas rheumatism, a rare cause of invaliding in the 1960s, was the second most common cause, and heart disease was the third most common cause. Other diagnostic labels under which men were invalided are shown in the Table. The invaliding rate for all causes was between three and four times the rate in the 1960s. The most striking contrast, however, is to be found in the main causes of death for the two periods (Table 4 1957 and 1963 (Table 7) . The most common illnesses were acute upper respiratory 2Where the population exposed to risk is less than 1,000, rates are given in parentheses. 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 tract infections, influenza, gastro-enteritis, and colitis, for which there were no consistent trends, and venereal disease -the worst feature of the post-war tables (Table 8 ). The case incidence of disease due to sexual intercourse approached the appallingly high rates of 61/1,000 compared to 31/1,000 only six years previously ( Table 9 ). The most notable improvement was a five-fold and consistent reduction in the annual case rate for pulmonary tuberculosis from 2 5 to 0 5 per 1,000. The latter figure was approximately the same as the rate for men in the same age group in civil life in 1962 (Table 10 ). Another notable feature was the virtual elimination of acute poliomyelitis (Table 11) 'Rates per 1,000 in parentheses. 1961, 1962, and 1963 . The crude rates for hepatitis declined, whilst that for glandular fever fluctuated consistently between one and two per 1,000. When comparing officers with ratings, the importance of adjusting the rates for differences in age distribution was demonstrated by the case rates for arteriosclerotic and degenerative heart diseaselargely coronary disease -and hypertensive disease. Each year the crude rates for ratings in both these groups were less than the crude rates for officers. Age standardization not only reduced this difference but for arteriosclerotic and degenerative heart disease the age-standardized rate for ratings was greater than the crude rate for officers every year (Table 12 ). In 1957 In , 1960 In , 1961 In , 1962 In , and 1963 this was also true for hypertensive disease. The impression given by the crude rates that these diseases were more prominent in the officer population was quite misleading; if anything the reverse was the case.
During the 11-year period there was little change in the mean case rates for other common causes of ill health such as the psychoneuroses (C19), duodenal ulcer (A100), gastritis and duodenitis (AIOI), largely injuries. Towards the end of this period the invaliding rates for both these groups (C19 and C50) were increasing (Table 13) . There were 1,616 deaths in these 11 years; 998 were due to injuries and only 618 to diseases. The average annual death-rate due to all types of injury, as well as the case rate, was high and consistent.
As we have already observed, heart disease, strokes, and neoplastic diseases were the main groups of disease causing death in the Royal Navy throughout this period in contrast with tuberculosis, continued and remittent fever, and dysentery a century previously. There were no consistent trends upwards or downwards for deaths due to arteriosclerotic and degenerative heart disease or even for carcinoma of the lung -a rare disease in the Navy; but, as far as the latter is concerned, it is only fair to note that the upward trend in the civil population in recent years is evident only after the fifth decade by which time in their lives many heavy smokers would have retired from the Service.
In the year 1960 there was an abnormally high number of deaths due to arteriosclerotic and degenerative heart diseases (A81), the reasons for which are obscure. Twenty-four men died from diseases listed under this heading compared with a maximum of 11 in any other of the 11 years. The case summaries indicated that 23 were ratings and the coding of the diagnoses was not at fault. Coronary disease caused the deaths of 16 of the 23 ratings and four of them were 27 years of age or younger, the youngest being only 21. The cause of death in each of these four cases was verified by post-mortem examination.
Only 43 deaths apparently due to specific infectious diseases were listed in the Deaths Register throughout this 11-year period, of which 12 were due to poliomyelitis and six to pulmonary tuberculosis, all of which occurred before 1961.
These post-World War II Reports were the first Statistical Reports which permitted a comparison to be made between the disease incidence for the men in the Navy and for the women in the Women's Royal Naval Services (including after 1960 the Queen Alexandra's Royal Naval Nursing Service) as well as the first reports to permit comparisons between the incidence of diseases in ratings and the incidence in officers.
The numbers in the Women's Services were, of course, much smaller. The most notable features were that 44 % of the invalidings were due to psychiatric illness and that the annual incidence of pulmonary tuberculosis never exceeded one per 1,000; there were no cases in 1958 and 1962. This is as far as the Naval Statistical Reports take us at the present time. Apart from these domestic Reports there have been only three contributions of significance since publication of the [1914] [1915] [1916] [1917] [1918] constructed from data, inevitably less accurate, which he arranged should be abstracted from the Hospital Muster Books maintained for victualling purposes. These two sets of tables permit the only direct comparison which is available between medical experience in a large naval hospital during these two wars. Practically all the naval material in the Statistical Volume of the Official History, which will be the last volume to be published, will be derived from one or other of these sources and has been summarized elsewhere (Ellis and Rowlands, 1966) .
Envoi
This concludes a brief review of the ever-changing pattern of the health of the Navy. As the more devastating diseases are conquered, so the less lethal become more prominent. Thus, the psychoneuroses emerge as a major cause of invaliding and of lost time at work in the 1960s and yet they did not even appear in the statistical tables for the 1860s.
The solutions to problems of naval health, as in the days of Nelson and Blane, frequently lie not in the hands of the physician but in those of the executive officer and laymen such as economists, civil servants, politicians or sociologists but the identification of the causes of sickness with accuracy, of the aetiological factors, and the disease incidence in the community is the responsibility of medical statisticians and epidemiologists.
Undoubtedly, the pattern will continue to change but there will always be a pattern, and the Medical Services of the Armed Forces should know what that pattern is at any given time and aim to implement Chadwick's 'sanitary idea' by 'getting at first principles and aiming at causes which affect health' expeditiously and accurately by the use of modern techniques and statistical machinery, without increasing to intolerable levels the present load of paperwork for those whose task it is to care for the sick, if possible by decreasing this load. Admiral Lord Nelson's homily in a letter written on March 14, 1804 (Laughton, 1886 ) is as apt today as it was then, 'bear in mind not to be penny wise pound foolish. A small sum well laid out will keep the Fleets healthy. Health cannot be dearly bought at any price if the Fleet is never sickly'. He saw clearly the importance to the effectiveness and moral fibre of the Fleet of preventive medicine (for the community) as well as curative medicine (for the individual) and of the need for the command to have accurate figures to show the state of the health of the Fleet at any given time.
